Summary.
The submandibular glands of adult female and male Japanese wood mice (Apodemus ainu ainu TOKUDA) were studied histochemically using toluidine blue (pH 2.5, 4.1 and 7.0, McIlvaine), PAS reaction, Millon's reaction for tyrosine, p-dimethylaminobenzaldehyde for tryptophan, and substrate film techniques for amylase and protease. The glands were also examined ultrastructurally and ultracytochemically by the periodic acid-thiocarbohydrazide-silver proteinate technique (PA-TCH-SP staining) for glycoprotein.
The submandibular gland consisted of the striated ducts (SDs), the convoluted granular tubules (CGTs), the intercalated ducts and the terminal portions. In both sexes the acinar cells were seromucous in secretory nature, and the secretory granules contained glycoproteins and were negative to amylase and protease activities. By the PA-TCH-SP staining, the distribution of glycoproteins and fine structural alternations corresponding to the maturation of the secretory granules were demonstrated. The granules of the CGT cells contained tryptophan, tyrosine and neutral mucopolysaccharides. The granules showed negative reactions to acid mucopolysaccharides, protease and amylase activities, and glycoproteins.
Glycogen particles in the apocrine processes were intensely positive to PA-TCH-SP staining.
Dark and clear cells were distinguished in the SDs. The apical cytoplasm of the SD cells contained two types of vesicles.
One type may represent reabsorption vesicles and the other secretory vesicles. Some of the SD cells had both microvilli, associated with reabsorption vesicles and apocrine process containing abundant glycogen particles on their luminal surface.
From the statistical analysis of the average values, the CGT diameter of the male mice was significantly larger than that of the female mice.
The submandibular glands of most rodents consists of acini, intercalated ducts, convoluted granular tubules (CGTs), striated ducts (SDs) and interlobular excretory ducts. The acinar cells synthesize and secrete glycoproteins, and the ducts, which convey them to the oral cavity, modify the proteins during their passage. The CGT of the submandibular gland in rodents has long attracted the attention of researchers because of their hormone dependent granules.
Sexual dimorphism of 385 the CGT has been recognized in hamster salivary glands demonstrated by histochemistry (KRONMAN, 1963a, b) and from histometric observations in rats (MUDD and WHITE, 1975) and mice (FUKUDA, 1973) . It has been reported, from measurements of the diameter of CGTs in the two heteromyid subfamilies (FLON et al., 1970) , that the diversity and variations in the CGTs in rodents may be attributed to inherent species differences.
It has been proposed by MATERAZZI and VITAIOLI (1969) that the secretions of rat CGTs act as a pheromone, whereas in the mouse an ability of CGTs to concentrate iodine from the serum has been reported (BROWN-GRANT and TAYLOR, 1963) . For many years the CGTs have attracted the interest of many investigators because of their sensitivity to hormones (LACASSAGNE, 1940; SHAFER and MUHLER, 1953; SREEBNY and MEYER, 1964; KRONMAN and CHAUCEY, 1964, 1965; KRONMAN and SPINALE, 1965; LIU and LIN, 1969) . It has recently been suggested that the salivary gland might be concerned with diabetes (HOSHINO et al., 1976; LAWRENCE et al., 1977; KIM et al., 1979) . The functional significance of the CGTs in the submandibular gland, however, has not yet been clarified.
SD cells generally have highly developed basal infoldings and a number of mitochondria arranged parallel to the infolded membranes (SCOTT and PEARSE, 1959; PARKS, 1961; RUTBERG, 1961; TANDLER, 1963; TAMARIN and SREEBNY, 1965; ICHIKAWA and ICHIKAWA, 1975; ODAJIMA, 1980) , similar structures were observed in the renal proximal tubules, choroid plexus and ciliary body.
Physiological studies have demonstrated that the SDs transport ions and electrolytes (IMAI and YOSHIMURA, 1972; KALADELFOS and YOUNG, 1974; SCHNEYER et al., 1972) . Small vesicles containing material of moderate density have been observed in the apical cytoplasm of SD cells in different species and these have been considered to be secretory granules by PARKS (1961) , GARRETT and KIDD (1975) and HAND (1979) . On the other hand, RUTBERG (1961), TAMARIN and SREEBNY (1965) , SCHACKLEFORD and WILBORN (1970) , RIVA et al. (1976), and TESTA-RIVA (1977) have suggested that these vesicles are involved in a reabsorption activity of the SD cells, based on their findings that the vesicle formation around the Golgi apparatus and the discharge of these granules were not observed in these cells.
This study was undertaken to study the functional characteristics and the ultrastructure of the submandibular gland of the Japanese wood mouse Apodemus ainu ainu TOKUDA, with special references on the acinar cells, CGT cells, and SD cells, and also on the sexual dimorphism of CGTs in this animal.
MATERIALS AND METHODS
Nineteen male and 11 female adult Japanese wood mice (A. a. ainu) were captured in a forest on Mt. Moiwa, Hokkaido in October and November; they were killed shortly thereafter.
The submandibular glands from 1 female and 4 male mice were fixed in buffered cut serially and stained with the Millon's reaction for tyrosine, the p-dimethylaminobenzaldehyde method for tryptophan, 0.05% toluidine blue (McIlvaine, pH 2.5, 4.1 and 7.0) for acid mucopolysaccharides, or the PAS reaction for neutral mucopolysaccharides.
After killing 4 male mice by striking them on the head, the submandibular glands were removed and immediately frozen in isopentane cooled by liquid nitrogen. Sections were cut on a cryostat and then incubated for 15, 30, 60min, and 24hr at (SHEAR and PEARSE, 1963) or the gelatin substrate film method for protease (SHEAR, 1972) . For the ultrastructural investigations, small tissue blocks were dissected from the submandibular glands of 10 female and 11 male mice, and they were fixed with continuous shaking in a cold 50% Karnovsky fixative (pH 7.4, phosphate buffer) for 3hr or in a cold 5% formalin (pH 7.4, phosphate buffer) for 3hr.
The blocks were rinsed and shaken in the phosphate buffer for 6-12hr, and half of the blocks were dehydrated with ethanol, and embedded in Epon. The other half of the blocks were postfixed in a cold 1% OsO4 solution (pH 7.4, phosphate buffer), dehydrated, and embedded in Epon. Ultrathin sections were cut on a LKB 8800 ultramicrotome and observed under a Hitachi HU-11DS electron microscope.
To determine the existence of glycoprotein, the PA-TCH-SP staining method by THIERY (1967) was used for the ultrathin sections. The periodate oxydizing treatment was omitted for the control sections.
stained with toluidine blue, the diameter of the 50 CGTs was measured by a micrometer under a light microscope, and the average values and the standard deviations were calculated.
RESULTS

Light microscopy
The submandibular gland of Japanese wood mice was found to be a compound tubuloacinar gland and its duct system consisted of an excretory duct, the SD, the CGT and an intercalated duct. The intercalated duct next to the CGT branched into two or three ducts and led to the terminal portions.
The secretory granules of the acinar cells were faintly positive to tryptophan and tyrosine, positive to the methachromasia by 0.05% toluidine blue (McIlvaine) at pH 4.1 and 7.0, and again positive to PAS (Table 1) . These results show that the granules of the acinar cells contained a small amount of protein, acid mucopolysaccharides and neutral mucopolysaccharides, and the acinar cells can be classified as seromucous cells. Both amylase and protease activities were negative in the acinar cells.
The granules of the CGT cells were intensely positive to tryptophan and tyrosine. They were negative to toluidine blue metachromasia at pH values 2.5, 4.1 and 7.0. They were PAS-positive, while both the amylase and protease activities were negative (Table 1) . It is clear, therefore, that the granules of the CGT cells contained neutral mucopolysaccharides and protein.
Electron microscopy The acinar cells contained well developed lamellae of rough surface endoplasmic reticulum surrounding the basally located nucleus, Golgi apparatuses above the nucleus, and a number of secretory granules dispersed throughout the lateral side of the nucleus to the apical region of the cells (Fig. 1, 2) , indicating a high secretory activity in the cells. Laterally, adjacent cells were loosely interdigitated with lamellar cytoplasmic processes.
There were well-developed intercellular canaliculi with a wide lumen. Secretory granules discharged from the acinar cells were often found in the intercellular canaliculi (Fig. 1) . In the basal region of the cell, there were also cell processes interdigitating with others. A flat basal lamina was present close to the basal surface of the acinar cells. It was not infolded into the spaces between the cell processes (Fig. 2) . The secretory granules of the acinar cells were spheroid in shape, and many of them showed internal substructures (Fig. 1, 5-8 ). The content of these granules varied considerably in electron density from high to low in different granules. Flocculent material of low electron density was recognized in some granules (Fig. 1, 3, 4) . The granules tended to fuse together.
Where the fusion occurred between the granules with high and low electron-dense contents, the former was incorporated into the latter, granules decreasing in size and becoming lower in density (Fig. 3, 4) . The contents of the fused granules were finally discharged into the lumen of the acinus or the intercellular canaliculi (Fig. 1) . Granules with electrondense contents were observed around the Golgi apparatus.
Their contents were separated from the limiting membrane by a narrow clear rim and often showed thread-like, annual ring-like, or lammellar substructures of lower density in them. PA-TCH-SP staining demonstrated glycoproteins in the secretory granules of acinar cells. From the pattern of glycoprotein localization, the granules could be divided into 4 types: those with heavy deposits on the thread-like substructures (type I) (Fig. 5, 6 ), on the annual ring-like or lammellar substructures (type II) (Fig. 7) , on the narrow clear rim of the granule (type III) (Fig. 8) , or on the fine, flocculent material (type IV) (Fig. 6, 8) . Fusion of the granules was often observed among type II, III and IV granules (Fig. 6, 8) .
The intercalated duct cells were small in size and contained a nucleus which occupied the major part of the cytoplasm.
Cell organelles were not well developed and secretory granules were rarely found.
On the border between the intercalated ducts and the CGTs, the intercalated duct cells neighbored with differentiated CGT cells and no cells that could be regarded as intermediate between the two cell types were noted (Fig. 9) .
The CGT cells were columnar or pyramidal in shape with a nucleus in the basal region. Infoldings of the basal surface were not as well developed as those of the SD cells. The appearance of the cytoplasm of the CGT cells varied considerably according to the phases of their secretory cycle. The secretory granules appeared to be formed from the maturing faces of the Golgi apparatus (Fig. 10) . The granules were round and homogenously electron-dense.
They accumulated in the apical part of the cytoplasm usually bellow the terminal web, over which an apocrine process was formed. In the region near the terminal web, the granules became irregular in shape and lower in density, with their limiting membrane being unclear (Fig. 11) . The matrix of the apocrine processes became more electron-dense than that of the cytoplasm below the terminal web (Fig. 11) . The PA-TCH-SP staining showed a small amount of deposits only on the limiting membrane of the granules (Fig. 12) . The heaviest deposits occurred on the glycogen particles.
No secretory granules were observed within the apocrine processes (Fig. 12, 13 ). After the secretion of their apocrine processes, the CGT cells showed abundant glycogen particles occurring around the mitochondria and newly formed secretory granules in their Golgi regions.
The SD cells were generally columnar in shape with a centrally located nucleus. In the cytoplasm, scattered mitochondria, poorly developed Golgi apparatus, glycogen particles, and irregularly arranged tonofilaments were observed. There were welldeveloped infoldings of the plasma membrane in the basal region of the cell. These cells could be divided into dark and clear cells (Fig. 14) , although there were transitional forms between the two. Small basal cells with poorly developed organelles were observed in the basal region. The dark cells formed the great majority of the SD cells. They had microvilli about 300nm in width and 800nm in length on their luminal surface and vesicles 100-250nm in size filled with a material of moderate electron-density in their apical region above the terminal web (Fig. 15) . These vesicles were sometimes associated with the plasma membrane of the luminal surface of the cell (Fig. 16 ). Smooth endoplasmic reticulum was observed below these vesicles. The contents of the vesicles showed a positive reaction to the PA-TCH-SP staining.
In some dark cells with a decreased number of microvilli and distinct terminal webs, their apical cytoplasm formed apocrine processes. The matrix of their cytoplasm being decreased in density, these cells were recognized as clear cells. A number of clear oval vesicles about 100-300nm in size were present below the terminal web, and in this region there were a few microtubules (Fig. 19) . The apocrine secretory processes contained abundant glycogen particles, but no vesicles or granules. The PA-TCH-SP staining demonstrated a strong reaction from the glycogen particles, but only a faint reaction in the limiting membrane of the clear vesicles (Fig. 20) . In some cells, their luminal surface projected both small apocrine secretory processes and microvilli, representing an intermediate form between dark and clear cells (Fig. 18) .
Measurements of the diameters of the CGTs females respectively.
The diameter in male mice was significantly larger than that in female mice (Table 2) . 
DISCUSSION
The present study showed that the acinar cells of the submandibular glands of the Japanese wood mouse consist of only a single type of secretory cell and their secretory granules are seromucous in nature.
The interdigitations of small cell processes observed in the acinar cell basal region have also been reported in the human submandibular gland by TANDLER (1962) . These structures seem to be efficient and useful for necessary changes in the volume of the secretory cells. The different types (I-IV) of secretory granules may represent stages of maturation. The type I granules with electron-dense contents and glycoprotein positive threadlike substructures were often found in the Golgi regions and were considered to be more immature than the granules of other types.
According to YAMASHINA and MIZUHIRA (1976) , the submandibular acinar cells of 1-day-old rats contained immature secretory granules with thread-like substructures similar to those in the Japanese wood mouse. The type IV granules with a fine flocculent material of low electron density were thought to be mature granules readily secreted. The type III granules with a glycoprotein positive rim or the type II granules with annual ring-like substructures were often fused with the type IV granules.
Both the type II and III granules are presumed to represent an intermediate stage of the granule maturation.
The granules of the CGT cells contained tyrosine, tryptophan and neutral mucopolysaccharides. It has been reported by ODAJIMA (1980) that the CGT cells of the Apodemus aygenteus TEMMINCK submandibular gland showed amylase activity, while the CGT cells of the A. a. ainu showed neither amylase nor protease activity when examined by substrate film techniques.
This may mean that in the latter the amount of both enzymes may be too small to be detected by the technique used. Electron microscopically demonstrable glycoproteins in the CGT cells were observed only in the limiting membrane of the granule, although the granules were positive to PAS reaction.
The SD cells were divided into dark and clear cells; the former formed the great majority of the SD cells, and the latter possessed apocrine processes. SHACKLEFORD and WILBORN (1969) reported the presence of dark cells in the SD duct in the bovine parotid gland. TAMARIN and SREEBNY (1965) reported that dark and basal cells were distinguishable in the rat submandibular gland, and WILBORN and SHACKLEFORD (1969) demonstrated that clear, dark, and basal I and II cells were distinguishable in SD cells in the opossum. The dark cells found in the Japanese wood mouse were similar in cytological appearances to the dark cells of Apodemus aygenteus TEMMINCK (ODAJIMA, 1980) . The vesicles observed in the apical region of the dark SD cells were similar in appearance to those found by RUTBERG (1961) in the SD cells of the mouse submandibular gland. RUTBERG reported that these vesicles increased in number and size 1hr after an administration of pilocarpine but were not discharged into the lumen, and conjectured that the vesicles were involved in a reabsorption activity of the SD cells. TAMARIN and SREEBNY (1965) observed in the rat that the membrane of such vesicles were continous with the plasma membrane of the luminal surface. SREEBNY and MEYER (1964) compared the duct system of the rat submandibular gland with the proximal convoluted tubule of the kidney. On the basis of their experiments using radioisotopes BURGEN (1964) suppored that the duct cells of the salivary glands were able to transport ions and other substances. NOGUCHI (1967) thought that the parotid epithelia showed absorption activity.
Up to now, the vesicles observed in the apical region of the SD cells have been considered to be reabsorption vesicles by many investigators (RUTBERG, 1961; TAMARIN and SREEBNY, 1965; SHACKLEFORD and WILBORN, 1970; RIVA et al., 1976; TESTA-RIVA, 1977; ODAJIMA, 1980) , although PARKS (1961) , LEESON (1969), and HAND (1979) supported the view that the vesicles were involved in a secretory activity of the SD cells. The dark cells observed in the present study had microvilli on their luminal surface and vesicles associated with the surface plasma membrane.
The contents of those vesicles showed reaction products with PA-TCH-SP staining.
These findings seem to indicate a reabsorption activity of the dark cells from duct contents. The clear cells, on the other hand, had apocrine secretory processes. Their secretory vesicles near the Golgi region of the cell did not show any reaction products with the PA-TCH-SP staining.
In the present study, transitional forms between the dark and clear cells were observed, and some SD cells had both microvilli and apocrine processes on their luminal surface.
These findings suggest that the SD cells may have two different functions (secretion and absorption) in the same cell.
Sexual dimorphism of the CGTs of the submandibular glands has been reported by measurements of the diameter of CGTs in the rat (MUDD and WHITE, 1975 ) by histometric observations on the volume of the CGTs in the mouse (FUKUDA, 1973) , and by histochemistry in the hamster (KRONMAN, 1963a, b) . In the Japanese wood mouse, the average diameter of the male CGTs was significantly larger than that of the female, although in Apodemus argenteus TEMMINCK which is of the same genus, sex differences in the diameter of CGTs were not observed (ODAJIMA, 1980) . There are some variations in the sexual dimorphism of the CGTs within the same genus.
